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Creation and comprehensive exploration of high performance thermoelectric
semiconductor utilizing natural quantum structure of layered transition metal

compound

Katase, Takayoshi
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Design, synthesis, and electronic property characterization of high purity
layered transition metal nitride semiconductors, AETMN2 (AE=Ca,Sr,Ba and TM=Ti,Zr,Hf) were performed
to search new high performance thermoelectric materials with two dimensional electron gas (2DEG)
structure. Density functional theory defect calculations clarified that nitrogen vacancy and oxygen
impurity substitution, as shallow donor, are easily formed in SrTiN2, while the defect formation is
largely suppressed by Ca substitution at Sr site and Zr,Hf substitution at Ti site. The electronic,
optical, and magnetic properties were clarified by using high phase purity (>94 mol%) AETMN2 bulks
synthesized by a solid-state reaction between AENH and TMN precursors with NaN3. The easiness of
impurity incorporation is designed to produce a more intrinsic semiconductor in wider chemical
conditions, opening a way to cultivating novel functional materials that are sensitive to

atmospheric impurities and defects.
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